A protease inhibitor with a molecular weight of about 12,800 was purified to electrophoretic homogeneity from Daucuis carota cells. The protease inhibitor was heat stable and inhibited trypsin but had no activity toward chymotrypsin or subtilisin. Nonembryogenic as well as embryogenic strains contained the inhibitor in similar amounts, but in the embryogenic strains the trypsin inhibitor was released from the cells and as a result accumulated in high concentrations in the culture medium, whereas no release of the trypsin inhibitor was found during cultivation of the nonembryogenic strains. Very low amounts of acid phosphatase or a-mannosidase activity were found in the culture filtrate of both embryogenic and nonembryogenic strains, which suggest that the release of the inhibitor from embryogenic strains was not due to cell lysis.
Carrot cell cultures provide a simple system for studies on somatic embryogenesis in plants, since the differentiation process in these cultures can be easily manipulated by exogenously supplied auxin. In the presence of 2,4-D unorganized growth of the cells is promoted, while in its absence the carrot cells usually differentiate into somatic embryos (15, 20) . Although embryo formation has been subjected to intense morphological as well as biochemical studies (6, 7, 10, 12, 20, 23 ) the regulation of this process is far from elucidated. This lack of understanding may in part be explained by the difficulties to obtain high yields of synchronously developing embryos. Many studies have focused on biochemical changes occurring during the switch from callus growth to embryo formation, such as altered rate of DNA, RNA, and protein synthesis (8) or quantitative changes in different enzyme activities (12, 23, 24) . Furthermore, some unique properties of differentiating carrot cells have recently been described. Sung and Okimoto (21) reported that two polypeptides are synthesized exclusively during embryo formation and these polypeptides may therefore be used as markers for the differentiation process.
During embryo formation some carrot strains have the ability to inactivate the fungal toxins cycloheximide (22) and a-amanitin (14) supplied to the culture medium. The mechanism for this inactivation has not been clarified, although the enzyme tyrosinase (phenoloxidase) has been proposed as responsible for degradation of a-amanitin since high activity of this enzyme was observed exclusively during embryogenesis in these carrot strains (14) .
It is well established that during prolonged culture in 2,4-Dcontaining medium, carrot cell strains generally lose their embryogenic capacity and become nonembryogenic (19) . We have 'Supported by the Swedish Natural Science Research Council. used embryogenic and nonembryogenic carrot strains in order to characterize strains with the capacity to form embryos. In a previous paper (3) we have shown that activity of the enzyme phenoloxidase in carrot is restricted to embryogenic strains. Moreover, the activity of this enzyme decreases concomitant with a decline in embryogenic capacity of the strains, indicating that the presence of phenoloxidase activity is related to embryogenic potential (3) . A nonembryogenic strain was also found to express protease activity far exceeding that of two embryogenic strains (2) and although protease inhibitors were present in the cells, the level of inhibitor activity did not differ between the tested strains. In this paper we report that nonembryogenic as well as embryogenic carrot strains contain a trypsin inhibitor which is secreted to the external milieu exclusively by the embryogenic strains. The trypsin inhibitor has also been purified and partially characterized.
MATERIAL AND METHODS Cell Material. Two embryogenic and two nonembryogenic cell strains ofDaucus carota were maintained on the B5-medium of Gamborg et al. (9) Bz-Ile-Glu-(-y-OR)-Glu-Gly-Arg-pNA-HCI (S-2222) for trypsin (Sigma EC 3.4.21.4) and Meo-Suc-Arg-Pro-Tyr-pNA * HCI (S-2586) for chymotrypsin (EC 3.4.21.1) and subtilisin (Sigma EC 3.4.21.14) and the peptides were prepared as previously described (2) placed in a boiling water bath for 2 min and then centrifuged at 3000g for 5 min before applying to a DEAE-cellulose column (1.6 x 20 cm) equilibrated with buffer 1. The column was washed with the equilibrating buffer and the trypsin inhibitor activity was eluted as a single peak with 0.15 M NaCl in buffer 1 (flow rate 20 ml/h, 1.9 ml/fraction). The fractions containing trypsin inhibitor activity were pooled (about 15 ml) and applied to a trypsin-Sepharose column (1.6 x 1.5 cm) equilibrated with 0.1 M Tris-HCl (pH 8.5) containing 0.5 M NaCl (buffer 2). The trypsin-Sepharose column was prepared by coupling about 4.5 mg of active trypsin (Sigma) to 1 g CNBr-activated Sepharose (Pharmacia) according to the manufacturer's instructions. After extensive washing with buffer 2, the trypsin inhibitor was eluted with 0.5 M NaCl (pH 2.0) (flow rate 10 ml/h, 1.2 ml/fraction). The pH of the eluted fractions was adjusted to 8.0. The fractions containing trypsin inhibitor activity from the trypsin-Sepharose column were pooled (13 ml), extensively dialyzed against distilled water, and lyophilized. The lyophilized trypsin inhibitor was dissolved in 1 ml of 0.05 M Tris-HCl (pH 8.5) containing 0.02 M NaCl (buffer 3) and applied to a Sephadex G-50 (Pharmacia) gel filtration column (1.5 x 90 cm) equilibrated with buffer 3. A single peak of trypsin inhibitor activity was eluted with the equilibrating buffer (flow rate 9.0 ml/h, 2.25 ml/fraction) and the inhibitor containing fractions were pooled, dialyzed against distilled H20, and lyophilized. For mol wt determination, ribonuclease A (13,700), soybean trypsin inhibitor (21,000), and chymotrypsinogen (25,000) were used as standard proteins for calibration of the Sephadex column. The void volume was determined using Blue Dextran 2000 (Pharmacia). For determination of the mol wt as well as the purity of the trypsin inhibitor, SDS gel electrophoresis was carried out according to Laemmli (1 1) at pH 8.3 using a 15% polyacrylamide gel containing 0.1% SDS under nonreduced or reduced conditions. The lyophilized preparation after Sephadex G-50 was dissolved in distilled water and 50 ul of this preparation containing 10 ,ug protein was applied to the gel. The reference proteins for mol wt determination were phosphorylase b (94,000), albumin (67,000), ovalbumin (43,000), trypsin inhibitor (20,100), and a-lactalbumin (14,400) (Pharmacia low mol wt calibration kit). After electrophoresis (50 mamp, 4 h) the gel was fixed in 10% HAc dissolved in 50% methanol overnight and then stained in 0.05% Coomassie brilliant blue R250. inhibitor activity of the cells did not differ significantly between strains with different capacity for differentiation (Table I ). The inhibitor activity did not change during the differentiation process, since isolated embryos showed the same inhibitor activity as undifferentiated cell aggregates (data not shown). However, a considerable amount of the trypsin inhibitor activity was found in the culture filtrate of the embryogenic cell cultures, whereas no inhibitor activity was released from the nonembryogenic strains into the surrounding medium (Table I) . To test if the trypsin inhibitor activity of the culture filtrate was due to cell lysis, we assayed the extracellular and intracellular activities of two reference enzymes, acid phosphatase and a-mannosidase. About 10 to 20% ofthe total acid phosphatase activity was found outside the cells in the embryogenic as well as in the nonembry- Plant Physiol. Vol. 84, 1987 ogenic cultures (Table II) , and only 0 to 10% of the a-mannosidase activity was extracellular. On the other hand, 50 to 60% of the trypsin inhibitor was released from the embryogenic strains whereas no release could be noted from the nonembryogenic strains (Table II) . The trypsin inhibitor, acid phosphatase and amannosidase activities were all stable in the culture filtrate for at least 5 d when incubated at 25TC, showing that no degradation of these extracellular activities occurred during the incubation time. Moreover, staining of the cells with FDA showed that 95 to 100% of the cells had an intact plasma membrane, which was also indicated by the low amount of protein detected outside the cells. These data taken together suggest that the release of trypsin inhibitor activity from the embryogenic strains is a specific secretion process and not due to cell lysis.
TRYPSIN INHIBITOR SECRETED BY EMBRYOGENIC CARROT CELLS
For further characterization, the trypsin inhibitor was purified to electrophoretic homogeneity starting from the culture filtrate of one embryogenic carrot strain and a typical purification of the trypsin inhibitor is summarized in Table III . SDS-PAGE under reducing or nonreducing conditions showed a single polypeptide with a mol wt of 12,800 (Fig. 1) . The mol wt of an unreduced inhibitor sample as estimated by gel sieving on a whereas no detectable inhibition of chymotrypsin or subtilisin could be observed (Fig. 2) . DISCUSSION Several protease inhibitors have been purified and extensively studied from a variety of plant species (16, 17) and in carrot tissues trypsin inhibitor activity has been described (5), but as yet no purification or characterization has been made. In this paper, we describe the purification to electrophoretic homogeneity of a trypsin inhibitor from carrot cells consisting of one single polypeptide chain with a mol wt of about 12,800 as judged by SDS-PAGE. We have in a previous paper shown that the trypsinlike protease activity in a nonembryogenic carrot cell strain far exceeded that of embryogenic strains (2) . All strains were also found to contain trypsin inhibitor activity, but no considerable difference in the amount of trypsin inhibitor activity could be detected between the strains and, therefore, could not account for the higher protease activity of the nonembryogenic strain. Although the total amount of trypsin inhibitor activity was similar in the different cell strains, extracellular activity was confined to the embryogenic strains. Our results indicate that the release of trypsin inhibitor is due to a specific secretion process in these strains, since the activity of the marker enzymes acid phosphatase and a-mannosidase was very low in the culture filtrate of both nonembryogenic and embryogenic strains. Furthermore, the low amount of extracellular protein and the high viability of the cells shown by FDA-staining suggest that no extensive cell lysis occurred. However, we have not yet been able to show the mechanism by which the trypsin inhibitor is released into the surrounding medium. Recently, Satoh et al. (18) showed that a glycoprotein with the mol wt of 57,000 was released from embryogenic carrot cells only in the presence of 2,4-D. In our study, though, the trypsin inhibitor was secreted from the cells during embryo formation as well as during callus growth, showing that the auxin was not the responsible agent for the secretion.
It is generally believed that 2,4-D does not prevent the induction of embryo formation, but rather inhibits the normal development of the embryos. Polarized divisions in single cells and the development of embryogenic cell clusters have been shown in the presence of 2,4-D (13) as well as the formation of globular stage embryos (21) . Therefore, in embryogenic cell strains differentiation has already been initiated, but very few cell clusters will mature into embryos in the presence of 2,4-D. Presently we can not propose any biological function for the secretion, or the presence of the trypsin inhibitor in the external milieu of embryogenic carrot cell strains, but merely indicate that this is an inherent property of cells with the capacity to form embryos.
